Agricultural waste materials are generated in large quantities in Brazil. These can accumulate and cause serious environmental problems. One of the most commonly generated wastes in the brazilian agricultural culture is the maize cob. Being lignocellulosic in nature, the maize cob can find use as the raw material in the production of particleboards mainly concerned with furniture making. Therefore, studies regarding its thermal stability and fire resistance would be interesting. The aim of this study was to evaluate the combustibility and thermal stability of the particleboards produced from maize cob and Pinus oocarpa wood. The percentages in which maize cob was associated with Pinus oocarpa were 0%, 25%, 50%, 75% and 100%. The panels were produced using 8% urea-formaldehyde and 1% paraffin. The pressing cycle parameters included: temperature 150 °C, pressure of 3.92 MPa during 10 min. The combustibility curve analysis showed that the panels containing 25% content of maize cob had higher resistance to combustion. In general, the thermal stability decreased as the wood substitution by maize cob increased.
INTRODUCTION
Brazil produces a large quantity of lignocellulosic wastes that, in most cases, are not completely utilized, including corn cobs, coffee hulls, rice, pseudo stem of banana and sugarcane bagasse, etc (Mendes et al., 2010) .
One such noteworthy agricultural waste is the maize cob, which is produced in large quantities in Brazil. According to CONAB (2013) , the total area of corn cultivation in Brazil is approximately 15.84 million hectares; therefore, the production of a particleboards would be a useful alternative to reuse the generated waste. Scatolino et al., (2013) obtained good results with chipboard panels produced by a mixture of maize cobs and Pinus oocarpa in a 50:50 proportion.
As particleboard is widely used in the furniture sector, studies on its resistance to combustion and thermal stability characteristics would be opportune, particularly in order to assess the behavior of the panel, for example, in the event of a fire.
One way of evaluating the resistance to combustion is by subjecting the board to the combustibility test. Figueroa and Moraes (2009) define combustion and thermal treatment in the presence of oxygen or air in amounts sufficient to cause complete decomposition by an external heat source. However, literature regarding the resistance of the panels to combustion and their thermal stability is very limited.
The most widely used methods for the assessment of thermal stability are the Thermogravimetric analysis (TG) and Dielectric Thermal Analysis (DTA). Some of the applications are mentioned by Silva, Paola and Matos (2007) , including some researches on the thermal decomposition of organic, inorganic and polymeric substances and in studies on the evaporation and distillation of liquids and their reaction kinetics.
The aim of this study is to evaluate the resistance to combustion and thermal stability of particleboard made from maize cobs and Pinus oocarpa wood.
MATERIAL AND METHODS

Collection and preparation of raw materials
The maize cobs were obtained from the Department of Engineering at the Federal University of Lavras, Minas Gerais, while the 25 years old Pinus oocarpa trees were collected from the campus plantations of the same University.
The pine trees were chopped into small logs which were then heated in a tank filled with water at 60 °C for 24 h. The logs were then processed in a roller to produce sheets 2 mm in thickness. These sheets were then crushed in a hammer mill and passed through a 6 mm aperture sieve. The maize cobs were processed in the same hammer mill, also with a 6 mm aperture sieve. The pine and maize cobs slivers were cleared using a vibrating sieve having a 2 mm mechanical opening for removing the fine particles. They were then dried at 70 °C until they achieved a moisture content of 3%.
Experimental design and production of the panels
The experimental design consisted of five treatments that were evaluated with four percentages of wood waste substitution by maize cob (Table 1) . For each treatment three panels were produced with nominal density of 0.70 g/cm 3 .
then applied to the particles by spraying in a rotary drum. The particles already containing the adhesive and paraffin were next sent to a forming box where they were subjected to prepressing in a manual press at 0.29 MPa. The formed cushion was then subjected to hot pressing with a cycle of 160 °C pressing temperature and 3.92 MPa pressure for a time of 8 min.
Samples preparation
The samples were obtained with a buzz saw. For the test, quadrate samples 2 × 2 × 1.5 cm in dimension were used (length, width and thickness, respectively). The samples were conditioned for 10 days in a room at a temperature of 22 ± 2 °C and relative humidity of 65 ± 5%.
Combustibility test
To evaluate panel behavior during combustion, the methodology adopted was the one described prior by Quirino and Brito (1991) and Paula et al., (2011) . The method consisted of a device that included a galvanized iron plated burner, an aluminum base and wood, a temperature controller, a scale of 5 mg precision, and an aluminum bulkhead involving the combustor to protect it from air interference during combustion.
Initially, the foundation and the combustor were placed on the precision balance. The combustor was charged with the samples. Ignition combustion occurred with 10 g of ethanol kept in a petri dish located on an aluminum base below the grid. The apparatus was then placed, and finally the temperature meter.
Every minute the mass of the panel and temperature of the system were recorded. The test was done in duplicate, and subsequently the mean curve for each treatment was obtained.
The time taken to reach the maximum temperature as well as the total weight loss for each of the treatments was recorded for further analysis. The maximum and minimum weight change for each treatment rate, observing the panel by the mass lost each interval time of 1 min were also calculated. Similar steps were followed for the temperature data.
Thermogravimetric Analysis
For the thermogravimetric analysis, the panels were reduced to powder, using the particle fraction size witch could pass through the 200 mesh sieve and get retained in the 270 mesh sieve. Composite samples of every replication were prepared corresponding to each treatment. The DTG-60H equipment (Shimadzu) was used for the analysis. Samples of around 4 mg were subjected For particleboards production, 8% ureaformaldehyde adhesive and 1% paraffin (based on particle dry weight) were used for all the treatments, which were to a temperature gradient, ranging from room temperature to 600 °C at a heating rate of 10 °C/min using a nitrogen flow of 50 mL/min. By using the first derivative of the TG curve, to determine the weight loss versus temperature, the rate of loss of the mass per second and the characteristic peaks of thermal degradation of the panels were identified.
RESULTS AND DISCUSSION
Combustibility test
Figures 1 and 2 show variations in the mass of the panel and the system temperature for the combustibility test. Ciênc. Agrotec., Lavras, v. 39, n. 4, p. 348-354, jul./ago., 2015 Figure 1 reveals that the 25% maize cob panels were the most resistant to combustion, whereas, the panels made with 75 and 100% showed a total loss of mass of about 85% (Table 2) . However the 75% maize cob panels showed a more pronounced loss of mass from the fourth minute of the test.
calorific value of the wood. In the case of pine, the resins present in wood may have influenced the achievement of the highest temperature peaks for the pine panels compared with those containing maize cob. The values of the extractives found for the wood in question was 5.2% (Scatolino et al., 2013) . In addition, the pine wood resin contains a component called turpentine. This is a flammable oleoresin obtained from the coniferous and which can find use as a chemical solvent, paint thinner in the industry and a starting material for the chemical synthesis of producing antiseptics, drugs, pesticides, insecticides and fuel additives (Kaplan et al., 2005) . Table 2 shows the maximum temperature values, as well as the time required to achieve them and the total weight loss for each treatment after the combustibility test.
The temperature peaks for all the treatments were achieved after 6 min of combustion. It was noticed that the temperature peaks decreased as the quantity of pine in the panels was reduced. This can be explained by the presence of turpentine in pine resin, which is a highly flammable liquid. Figure 3 shows the weight loss in the panels as a function of temperature during the thermogravimetric analysis.
Thermogravimetric analysis
Similar behavior was observed in the panels in all the five treatments during TG, however, in the case of the panels containing 100% pine wood, it was observed that they had a higher thermal stability even at 320 °C. This fact could be explained by the higher lignin content in the pine wood in relation to the maize cob.
Apart from presenting high molecular weight, the lignin showed the highest thermal stability due to the presence of the carbon-carbon bonds between the monomer units of phenyl-propane and consequently, the stability of its aromatic matrix (Shafizadeh 1985; Bartkowiak; Zakrzewski, 2004; Sharma et al., 2004; Yang et al., 2006; Gani; Naruse, 2007; John; Thomas, 2008) . The hemicelluloses are degraded at temperatures of between 180 and 350 °C (Kim et al., 2006) , cellulose between 305 and 375 °C (Shafizadeh, 1985) , and lignin between 250 and 500 °C (Shafizadeh, 1985; Kim et al., 2006) . Thus, the thermal degradation process can be distinguished into two typical stages. Table 3 presents the decomposition stages of the panels during the TG analysis. *TTM -Time required to achieve the maximum temperature.
The higher compression ratio obtained for the panels made of 100% maize cob compared with those made using 75% and the greater holocellulose content of maize cob could be the answer to this fact. Scatolino et al., (2013) evaluated the chemical composition of maize cobs and found that it contained 76.6% holocellulose and 14.7% lignin, which may have contributed to the low resistance to combustion of the panels containing 50, 75, and 100% of maize cob.
The panels produced with only pine wood showed similar features to those produced with 25% cobs until the sixth minute of combustion, after which the mass consumption of the panels made from 100% pine wood were more pronounced. Figure 2 shows that the panels made only from the pine wood achieved the highest temperature peak, approaching to 450 °C. This could have been due to the lower compression ratio of these panels, which led to a lower concentration of the particles in the panel. This lower concentration of particles to be consumed by the fire and, consequently, the higher content of voids enables a greater temperature rise compared with the maize cob panels.
The lignin content of pine wood (28.3%) is considerably higher than in the maize cob (14.7%) (Scatolino et al., 2013) . Lignin is related to the higher calorific value of the wood and the highest enthalpy of combustion. Philipp and D'Almeida (1988) reported that some extractives contributed to the increased While analyzing Stage I regarding the water loss, it was observed that the samples showed similarity in the moisture content, and the panels containing 0 and 50% maize cobs had slightly higher values than the other treatments analyzed. The panels containing 25% maize cobs had a higher onset temperature (317 °C) when compared with the other panels. But at 377 °C (endset temperature) the hemicellulose had been degraded. In the case of those panels made from 100% pine wood, degradation started much earlier (298 °C), but the endset temperature of 372 °C was obtained as evident from the values obtained in Stage II (degradation occurs mainly by the hemicelluloses).
The largest amount of extractives in the maize cob or pine may have contributed to this fact. Scatolino et al., (2013) found values of 7% for extractives in maize cob. Protásio et al., (2012) , developed briquettes made with processed waste from coffee beans. But the TG analysis of these briquettes revealed poor thermal stability. The authors also found high quantities of extractives in the coffee husk.
The presence of elevated levels of extractable matter (low molecular weight components) can promote biomass ignition at lower temperatures due to their higher volatility and thereby accelerate the thermal degradation process (Grønli, Varhegyi Di; Blasi, 2002; Shebani, Van Poletto et al., 2012) . Similar to the combustion test, the maize cob panels revealed a decrease in the peak temperatures due to the increase in percentage of maize cob. In relation to the total mass loss, the pine panels were observed to be more resistant to thermal degradation when compared with the others.
CONCLUSIONS
On analysis of the curves generated by the combustibility test, the panels made with 25% maize cobs were found to be more resistant to combustion, which would experience less degradation in case of exposure to fire.
The chemical composition of the maize cob and Pinus oocarpa significantly influenced the thermal characteristics of the panels, particularly in the concentration of extractives and lignin.
The extractives present in pine wood resulted in the highest temperatures of the combustion peaks.
The TG analysis showed that, in general, the thermal stability of the panels decreased with the addition of the maize cobs.
